The gene sequence data has been deposited at GENBANK NCBI and the accession numbers are provided in the text.

Introduction {#sec001}
============

The *Burkholderia* genus contains a large number of species, with currently over 60 species identified \[[@pntd.0003892.ref001]\]. Recently, the division of the genus *Burkholderia* has been proposed that breaks the genus into two genera. *Burkholderia* includes the clinical and phytopathogenic species whereas *Paraburkholderia* includes environmental species \[[@pntd.0003892.ref002]\]. This *Burkholderia* genus occupies a large range of environments including soil, plants, rhizospheres, mammalian hosts, and water \[[@pntd.0003892.ref003]\]. The ability of *Burkholderia* to occupy various ecological niches is undoubtedly due to the large genome size with up to three chromosomes documented in some *B*. *cepacia* complex organisms \[[@pntd.0003892.ref004]\], and two chromosomes in five members of the Pseudomallei group including *B*. *pseudomallei*, *B*. *mallei*, *B*. *thailandensis*, proposed *B*. *humptydooensis*, and *B*. *oklahomensis*. Soil is a common habitat for *Burkholderia* bacteria and microbiologists are only beginning to uncover the complex nature of microbial communities in soil \[[@pntd.0003892.ref005]\]. Continued sampling of the soil has uncovered many novel *Burkholderia* species in recent years \[[@pntd.0003892.ref006]--[@pntd.0003892.ref009]\]. This discovery of novel species across a wide geographic range has caused scientists to begin studying the role of *Burkholderia* in the soil community, and interactions with co-inhabitants \[[@pntd.0003892.ref010]\].

One such interaction was found between *Burkholderia* in the soil in a study that showed *B*. *ubonensis* to have antaqonistic activity against *B*. *pseudomallei* in Papa New Guinea \[[@pntd.0003892.ref011]\]. Recently, the geographic ranges of two species, *B*. *ubonensis* and *B*. *thailandensis*, were extended to a new area, Australia \[[@pntd.0003892.ref012]\]. This type of discovery further supports the notion that *Burkholderia* isolates are very widespread, even at the species level. The identification of novel species within the melioidosis endemic region of Northern Australia is important to clinicians as they are confronted with patients presenting with a diverse variety of symptoms requiring consideration of and laboratory investigation for melioidosis.

Identifying and characterizing novel species can be a cumbersome task. The current standard for characterizing species in *Burkholderia* spp. includes biochemical testing, whole genome DNA-DNA hybridization, 16S *rRNA* sequencing, *recA* sequencing, antibiotic sensitivity, fatty acid methyl ester analysis and multi-locus sequence typing. The ability to rapidly and accurately identify novel *Burkholderia* species within the genus is crucial to understanding the complexity of this genus as well as its evolution. The *recA* gene has been shown to be particularly helpful in identifying the 17 species within the *Burkholderia cepacia* complex \[[@pntd.0003892.ref013]\]. In 2005, *Burkholderia* species specific *recA* primers were developed that amplify all *Burkholderia* species and subsequent phylogenetic analysis distinguished closely related species \[[@pntd.0003892.ref013]\]. This typing scheme has also been successful in identifying novel *Burkholderia* species associated with the rhizosphere using a cultivation independent method \[[@pntd.0003892.ref014]\].

In our study, we applied the *recA* sequence typing scheme to unknown environmental samples taken from a melioidosis endemic region of Australia to determine the presence and diversity of *B*. *pseudomallei* near neighbors. During our analysis we modified the reverse primer of the *recA* assay to include additional species that have been identified and characterized since the assay was created in 2005.

Methods {#sec002}
=======

Bacterial isolation and DNA preparation {#sec003}
---------------------------------------

From 86 environmental samples a total of 152 bacterial isolates were identifies as potential *B*. *pseudomallei* near neighbors. Environmental sampling was conducted in the Northern Territory of Australia concentrating on Darwin and the surrounding areas and included both water and soil sampling. Soil sampling produced 89 bacterial isolates and water sampling produced 63 bacterial isolates used in this study. water samples were collected from bores, tanks, wells, and ground water. Each sample was filtered through a 0.22-μm filter (Millipore Corporation, Bedford, MA, USA). The filters were inoculated into Ashdown's broth at 37°C and subcultured on Ashdown's agar (ASA) (Oxoid, Melbourne, Victoria, Australia) on day 2 and day 7 and incubated at 37°C until colonies similar to *Burkholderia* were observed. Soil samples were collected at two depths; 10cm and 30cm. For each sample, 20 grams of soil was mixed with 20mL of water and incubated at 37°C 48 hrs. A volume of 10mL of supernatant was inoculated into Ashdown's broth and incubated at 37°C. Samples were subcultured onto Ashdown's agar on day 2 and day 7 and incubated at 37°C until colonies similar to *Burkholderia* were observed. Each bacterial colony with a morphotype suspected to be *Burkholderia* was isolated in pure culture, given MSMB (Menzies School of Health Research Miscellaneous Bacteria) designations, and stored in Luria-Bertani broth plus 20% glycerol at -80°C (Difco, USA). Isolated colonies were grown on Tryptic Soy Agar (TSA) at 37°C for DNA preparation. DNA was extracted according to the manufacturer's instructions using the Wizard Genomic DNA Purification Kit (Promega, Madison, WI, USA).

PCR analysis {#sec004}
------------

Samples were genotyped using several published genomic target assays. Assays such as TTS1 \[[@pntd.0003892.ref015]\], targeting the *B*. *pseudomallei* Type III secretion cluster; BTFC \[[@pntd.0003892.ref016]\], targeting the *B*. *thailandensis*-like flagella and chemotaxis cluster; and YLF\[[@pntd.0003892.ref016]\], targeting the *Yersinia*-like fimbrial gene cluster were used to identify *B*. *pseudomallei* strains. *cheB \[[@pntd.0003892.ref016]\]*, targeting the *B*. *thailandensis* homolog to BTFC was used to identify *B*. *thailandensis* samples. LPS A, B, and B2, targeting the lipopolysaccharide (LPS) genes, were used to identify LPS genotypes across species (26). Real-time PCR assays were conducted in a 384-well plate in 10μL reactions containing 1 x SYBR-Green master mix (Applied Biosystems, USA), 0.3μM of each PCR primer, and 1.0ng of DNA. The real-time PCR assay was performed on a 7900HT Sequence Detection System (Applied Biosystems, USA). A total of 40 cycles were performed that included two steps: denaturation at 95°C for 15s and annealing/extension at 60°C for 30s. We also generated a dissociation curve from 95°C to 60°C to analyze the melt temperatures of the PCR products.

Previously published *recA* sequencing primers, BUR3 and BUR4, were used to analyze the unknown samples\[[@pntd.0003892.ref013]\]. Universal 16s *rRNA* primers were used for all isolates that were BUR3-BUR4 negative\[[@pntd.0003892.ref017]\]. PCR assays were conducted in a 96-well plate in 20μL reactions. Each PCR reaction contained the following: 1 U of Platinum Taq polymerase (Life Technologies, USA), 1x PCR Buffer (Life Technologies, USA), 1.5mM MgCl~2~, 0.25mM dNTPs, 24% (w/v) Betaine, and 0.2μM of each primer. A modified PCR protocol, 'slow-down PCR', specifically developed for high G-C content organisms was used for these samples \[[@pntd.0003892.ref018],[@pntd.0003892.ref019]\]. The following modification to the cycling protocol was made: the annealing temperature started at 65°C and the extension time lengthened to 3 minutes.

Sequence analysis {#sec005}
-----------------

*recA* PCR products were sequenced according to the published methods by Payne *et al* \[[@pntd.0003892.ref013]\]. All BUR3-BUR4 negative samples were sequenced using universal 16S *rRNA* primers targeting the hypervariable region V3 and V4 \[[@pntd.0003892.ref020]\]. Sequencing reactions were prepared using Big Dye Terminator v3.1 in 1/8 reactions according to the manufacturer's instructions and analyzed on a 3130 genetic analyzer (Life Technologies, USA). Consensus sequences were generated by aligning raw sequences from both strands using DNASTAR software (DNASTAR, Inc. Madison, WI). Species identity was established by phylogenetic analysis for *recA* sequences and through basic local alignment sequence tool (BLAST) at the National Center for Biotechnology Information (<http://www.ncbi.nlm.nih.gov/>) for 16S *rRNA* sequences.

Phylogenetic analysis of *Burkholderia recA* {#sec006}
--------------------------------------------

Sequence alignments of all unknown samples and reference strains were carried out in Clustal X \[[@pntd.0003892.ref021]\]. J Model Test 2 was run to determine the best nucleotide substitution model for Bayesian analysis \[[@pntd.0003892.ref022]\]. We used 335bp of the *recA* sequence from 196 taxa, 115 taxa from this study, with the Bayesian analysis in Mr. Bayes v3. Parameters for Mr. Bayes are as follows: 6 substitution types, which allows for all rates of substitution to different, subject to the constraint of time-reversibility (a generalized time reversible model); haploid; gamma distribution for among-site rate variation; 11,000 generations for Markov Chain Monte Carlo (MCMC) analysis; Sample the MCMC analysis every 1000 generations; and 0.1% of samples will be discarded when convergence diagnostics are calculated. All other parameters in Mr. Bayes were left to the default settings. Phylogenetic trees were created in FigTree v1.3.1. The tree was rooted with *recA* sequence from *Burkholderia spp*. R701.

Geographic distribution of *Burkholderia* in the Northern Territory {#sec007}
-------------------------------------------------------------------

GPS data acquired during the environmental sampling and Arc Map10 were used to map samples and determine any phylogeographic patterns.

*recA* assay development {#sec008}
------------------------

Alignments of 31 available *recA* sequences from different *Burkholderia* species were compared to identify a specific region that can be used to develop a new reverse primer. Several reverse primers were identified and tested using the PCR method described above against a panel of 83 *Burkholderia* isolates and 13 species outside the *Burkholderia* genus.

Nucleotide sequence accession numbers {#sec009}
-------------------------------------

*recA* nucleotide sequences were determined for 115 *Burkholderia* isolates and submitted to GenBank under the following accession numbers; KF204451 through KF204565.

Results {#sec010}
=======

Bacterial isolation {#sec011}
-------------------

A total of 152 soil isolates from this study successfully grew on both ASA and TSA at 37°C. ASA is classically known as a selective medium for *B*. *pseudomallei* \[[@pntd.0003892.ref023],[@pntd.0003892.ref024]\]. In this study, we found that many different genera of bacteria were able to grow on this medium including *Ralstonia spp*, *Pandoraea spp*, *Cupriavidus spp*, and *Delftia spp*. Colony morphologies observed on ASA agar in this study ranged from light purple, large, dry and wrinkled to very dark purple, shiny, small, smooth colonies as shown in [Fig 1](#pntd.0003892.g001){ref-type="fig"}. Although morphologies varied among species, it is not sufficient to identify the species of an isolate based solely on its ability to grow on ASA and colony morphology. [S1 Fig](#pntd.0003892.s001){ref-type="supplementary-material"} highlights colony morphologies of various species isolated during this study.

![Colony morphology of MSMB isolates on Ashdown's Agar (ASA) compared to *B*. *pseudomallei* MSHR305.\
ASA is considered a selective growth medium for *Burkholderia pseudomallei*. In this study, at least 20 different species demonstrated the ability to grow on ASA including multiple *Burkholderia* speices as well as *Ralstonia*, *Cupriavidus*, and *Panoraea*. Many different colony morphologies were observed during this study as evident in the pictures (a) proposed *B*. *humptydooensis*MSMB43, (b) unknown *Burkholderia spp*. MSMB 175, (c) *B*. *multivorans* MSMB105, (d) *B*. *thailandensis* MSMB60, (e) *B*. *ubonensis* MSMB153, (f) *B*. *pseudomallei* MSHR 305. Each strain was grown on ASA for 72 hours at 37°C aerobically.](pntd.0003892.g001){#pntd.0003892.g001}

PCR and species identification {#sec012}
------------------------------

Isolates used in this study were tested against previously published assays to identify their genetic characteristics. These particular genes have been used previously to characterize subpopulations of *B*. *pseudomallei* and they are also known to be horizontally transferred within among Burkholderia species, making their presence/absence of interest in these close relatives that live in the same environmental locations. Only two isolates, MSMB262 and MSMB313, were positive for Type III Secretion System (TTS) SYBR assay \[[@pntd.0003892.ref015]\] signifying that these isolates are *B*. *pseudomallei*. These results were later confirmed using *recA* sequencing \[[@pntd.0003892.ref013]\]. Isolates were also tested against other assays including BTFC/YLF \[[@pntd.0003892.ref016]\], *cheB* \[[@pntd.0003892.ref025]\], *bimA* \[[@pntd.0003892.ref026]\], LPS \[[@pntd.0003892.ref027]\]. Two isolates were found to be *cheB* positive which indicates that these isolates are *B*. *thailandensis* (25). We were able to verify these results using *recA* sequencing that confirmed the samples were *B*. *thailandensis*. Some interesting findings from the study include an unclassified *Burkholderia* species MSMB264 that is positive for the BTFC assay. MSMB264 may have a similar gene to BTFC that will need to be investigated further. All proposed *B*. *humptydooensis* organisms were found to contain the *B*. *mallei* version of *bimA*; one strain of *Ralstonia*, MSMB 132, also contained this *bimA* type \[[@pntd.0003892.ref028]\]. These results will require additional analysis to determine the gene content. Four isolates were found to be positive for LPS type A; the two *B*. *pseudomallei* and the two *B*. *thailandensis* isolates. Thirteen isolates were positive for LPS type B; 11 *B*. *ubonensis* isolates and two unknown *B*. *cepacia* complex isolates. Four proposed *B*. *humptydooensis* isolates were found to be positive for LPS type B2. These PCR results are summarized in [Table 1](#pntd.0003892.t001){ref-type="table"} \[[@pntd.0003892.ref028]\].

10.1371/journal.pntd.0003892.t001

###### Comparison of environmental species identified in the Darwin region of Australia.

![](pntd.0003892.t001){#pntd.0003892.t001g}

  Species                              Number of Isolates   Number of Sites[^a^](#t001fn002){ref-type="table-fn"}   Soil/H~2~O   Occurs with *B*. *pseudomallei* [^*b*^](#t001fn003){ref-type="table-fn"}   *recA* BUR3-BUR4   BTFC    YLF     *cheB*   *bimA* ~bp~   *bimA* ~bm~   LPSA    LPSB     LPSB2
  ------------------------------------ -------------------- ------------------------------------------------------- ------------ -------------------------------------------------------------------------- ------------------ ------- ------- -------- ------------- ------------- ------- -------- -------
  ***B*. *ubonensis***                 **81**               **34**                                                  **60/21**    **20**                                                                     **81**             **-**   **-**   **-**    **-**         **-**         **-**   **11**   **-**
  **Unknown *B*. *cepacia* complex**   **16**               **13**                                                  **10/6**     **5**                                                                      **16**             **-**   **-**   **-**    **-**         **-**         **-**   **2**    **-**
  ***B*. *humptydooensis***            **6**                **2**                                                   **0/6**      **1**                                                                      **6**              **-**   **-**   **-**    **-**         **6**         **-**   **-**    **5**
  ***B*. *multivorans***               **3**                **2**                                                   **2/1**      **-**                                                                      **3**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***B*. *pseudomallei***              **2**                **2**                                                   **2/0**      **2**                                                                      **2**              **2**   **-**   **-**    **2**         **-**         **2**   **-**    **-**
  ***B*. *cenocepacia***               **2**                **1**                                                   **0/2**      **-**                                                                      **2**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***B*. *thailandensis***             **2**                **1**                                                   **2/0**      **-**                                                                      **2**              **-**   **-**   **2**    **-**         **-**         **2**   **-**    **-**
  ***B*. *seminalis***                 **1**                **1**                                                   **1/0**      **-**                                                                      **1**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***B*. *oklahomensis*-like**         **1**                **1**                                                   **1/0**      **-**                                                                      **1**              **1**   **1**   **-**    **-**         **-**         **-**   **-**    **-**
  **Unknown *B*. *spp*.**              **1**                **1**                                                   **1/0**      **-**                                                                      **1**              **1**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Ralstonia***                      **12**               **7**                                                   **0/12**     **-**                                                                      **-**              **-**   **-**   **-**    **-**         **1**         **-**   **-**    **-**
  ***Cupriavidus***                    **7**                **7**                                                   **1/6**      **1**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Pandoraea***                      **5**                **2**                                                   **5/0**      **1**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Delftia***                        **3**                **3**                                                   **2/1**      **-**                                                                      **1**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Pigmentiphaga***                  **2**                **1**                                                   **0/2**      **-**                                                                      **1**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Achromobacter***                  **2**                **2**                                                   **0/2**      **-**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Bacillus***                       **1**                **1**                                                   **1/0**      **-**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Comomonas***                      **1**                **1**                                                   **0/1**      **-**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Staphylococcus***                 **1**                **1**                                                   **0/1**      **-**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  ***Stenotrophomonas***               **1**                **1**                                                   **0/1**      **-**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**
  **Unknown**                          **2**                **2**                                                   **1/1**      **-**                                                                      **-**              **-**   **-**   **-**    **-**         **-**         **-**   **-**    **-**

(-) indicates that no *B*. *pseudomallei* was found to occur with a species or that the molecular assay was negative for that target.

^a^ Site refers to the GPS location from which soil or water samples were taken.

^b^ *B*. *pseudomallei* were recovered from the same soil or water sample as the isolate.

Phylogenetic analysis of *Burkholderia recA* {#sec013}
--------------------------------------------

Bayesian analysis conducted using 196 taxa on a 335bp region of the *recA* gene reveals great diversity within the *Burkholderia* genus. A large proportion (72%) of the MSMB isolates from this study grouped with *B*. *ubonensis* as shown in [Table 1](#pntd.0003892.t001){ref-type="table"} and [Fig 2](#pntd.0003892.g002){ref-type="fig"}. Several isolates grouped within the previously identified proposed species *B*. *humptydooensis* isolates including MSMB121, MSMB122, MSMB712, MSMB713, and MSMB714 \[[@pntd.0003892.ref028]\]. One singleton, MSMB175, appears to be closely related to the *B*. *oklahomensis* species based upon the *recA* gene. Another singleton, MSMB264 is separated from all classically defined groups. Clade C of [Fig 2](#pntd.0003892.g002){ref-type="fig"} shows the substantial diversity within the *B*. *cepacia* complex. In this study alone, at least 7 new *B*. *cepacia* complex groups were identified in the *recA* phylogenetic tree that may represent novel species.

![Phylogenetic analysis of environmental *Burkholderia* spp. sampled from soil in the Northern Territory of Australia.\
A 335-bp region of the *recA* gene was sequenced and analyzed using Bayesian methods. The phylogenetic tree is the consensus of 19,000 trees and 11 million generations using the nucleotide substitution model GTR+G. Species and isolate names are shown for reference sequences. Clade A highlights the Pseudomallei group of *Burkholderia* species where we identified several isolates of proposed *B*. *humptydooensis* and *B*. *thailandensis*. Clade B highlights the large number of *B*. *ubonensis* isolates identified in the northern territory of Australia during this study. Clade C is the *B*. *cepacia* complex outside of *B*. *ubonensis*. Posterior probabilities are assigned at branch nodes (1 = 100%). Scale bar signifies nucleotide substitutions per site. Clade C demonstrates the diversity found within the *B*. *cepacia* complex. Several novel nodes, marked with an asterisk, are evident in this phylogenetic tree which may represent novel species.](pntd.0003892.g002){#pntd.0003892.g002}

16s *rRNA* analysis {#sec014}
-------------------

Using universal 16s *rRNA* primers, we were able to identify 37 isolates that were negative to the BUR3-BUR4 *recA* assay. BLAST cutoffs for identifying the genus were set at 99%. The three most prevalent genera identified outside of the *Burkholderia* genus were *Ralstonia*, *Cupriavidus*, and *Pandoraea*. Other species identified were *Achromobacter*, *Bacillus*, *Comamonas*, *Delftia*, *Pigmentiphaga*, *Staphylococcus*, and *Stenotrophomonas*. Two isolates in this study were unable to be identified by *recA* and 16s *rRNA* sequencing. The sequence quality for each of these isolates was low and no conclusions about their genus or species could be made.

Geographic distribution of *Burkholderia* in the Northern Territory {#sec015}
-------------------------------------------------------------------

Longitudinal and latitudinal data collected during soil sampling was used to generate a map of the Northern Territory region to look for patterns in the occurrence of *B*. *pseudomallei* near neighbor isolates ([Fig 3](#pntd.0003892.g003){ref-type="fig"}). *B*. *thailandensis-like* MSMB43, a potential new species being proposed as *B*. *humptydooensis* and collected in Humpty Doo is more than 1200 kilometers north from the new isolates MSMB712, MSMB713, and MSMB714 collected in the Tennant creek area of central Australia \[[@pntd.0003892.ref028],[@pntd.0003892.ref029]\]. *B*. *ubonensis* is widespread throughout Darwin and the surrounding areas and is found in the same soil samples as other *Burkholderia* species including other *B*. *cepacia* complex organisms as well as *Burkholderia* near neighbors such as *Pandoraea*, *Cupriavidus*, and *Ralstonia*. *B*. *ubonensis*, *B*. *cepacia* complex, and *B*. *multivorans* samples were isolated from both water and soil environments (see [Table 1](#pntd.0003892.t001){ref-type="table"}). Six separate species including, *B*. *ubonensis*, *B*. *cepacia* complex, proposed *B*. *humptydooensis*, *Cupriavidus* spp., and *Pandoraea* spp, were found in the same environmental sample as the human pathogen *B*. *pseudomallei* \[[@pntd.0003892.ref028]\]. This indicates that various species of *Burkholderia* are occupying the same environmental niche and may be sharing genes through lateral gene transfer.

![Geographical distribution of isolates from this study.\
Circle size represents the number of isolates found at a specific sampling site and the color represents different species as determined by *recA* or 16s *rRNA* sequencing. Division of circles indicates that multiple species were found at a site. *B*. *ubonensis* is commonly found throughout Darwin and the surrounding areas. Several species were found in the same soil sample as *B*. *pseudomallei* including *B*. *ubonensis*, several *B*. *cepacia* complex species, proposed *B*. *humptydooensis*, *Pandoraea*, and *Cupriavidus*.](pntd.0003892.g003){#pntd.0003892.g003}

*recA* assay {#sec016}
------------

Previously published primers, BUR3 and BUR4, were used to identify all of the *Burkholderia* isolates in this study \[[@pntd.0003892.ref013]\]. During the testing we noticed that two other genera, *Delftia* and *Pandoraea*, were also amplified with this primer set. Upon further investigation, BLAST analysis revealed a 100% match in the genome of *Delftia* spp. to BUR3 and BUR4. During the study, we found that BUR3 and BUR 4 did not amplify certain strains of *B*. *oklahomensis*. Upon *in silico* analysis, we observed two single nucleotide polymorphisms in the reverse priming region in *B*. *oklahomensis*. Nucleotide alignments of *recA* for 16 different species within the genus *Burkholderia* were used to develop the new reverse primer. This new degenerate primer, BUR5 5'-CGATCATGTCGATCGARC-3', is located 11 base pairs upstream of the BUR4 primer. The new BUR3-BUR5 *recA* fragment is 376bp in length. The new primer was validated against a panel of 98 isolates encompassing at least 19 different species within the *Burkholderia* genus and 15 species outside of *Burkholderia*. The 19 inclusion species were: *B*. *pseudomallei*, *B*. *mallei*, *B*. *thailandensis*, *B*. *humptydooensis*, *B*. *oklahomensis*, *B*. *oklahomensis*-like, *B*. *ubonensis*, *B*. *ambifaria*, *B*. *multivorans*, *B*. *vietnamiensis*, *B*. *fungorum*, *B*. *glumae*, *B*. *cepacia*, *B*. *xenovorans*, *B*. *dolosa*, *B*. *gladioli*, *B*. *cepacia* complex, and 2 *B*. spp. The 15 exclusionary test species were: *Staphylococcus* spp., *S*. *aureus*, *Yersinia pestis*, *Pseudomonas aeruginosa*, *P*. *fluorescens*, *Streptococcus mitis*, *S*. *salivarius*, *S*. *viridans*, *Bacillus* spp., *Brucella abortus*, *Brucella suis*, *Francisella tularensis*, *Cupriavidus* spp., *Ralstonia* spp., and *Escherichia coli*. None of the exclusionary text species amplified with the PCR conditions described in the methods section.

Discussion {#sec017}
==========

In this study, we used a *Burkholderia* specific *recA* genotyping scheme to identify unknown environmental isolates from Northern Australia that resemble *B*. *pseudomallei* morphology on ASA. Many *Burkholderia* species throughout the *B*. *cepacia* complex and Pseudomallei group were identified during this study. A majority of species identified belong to the *B*. *ubonensis* species based upon *recA* phylogenetics. *B*. *ubonensis* was only recently discovered in Australian soil \[[@pntd.0003892.ref012]\] and our study further supports that this species is found in great abundance in both soil and water throughout the Darwin region of Australia. *B*. *ubonensis* was recently found to have antagonistic activity against *B*.*pseudomallei* by an unspecified bacteriocin or bacteriocin-like inhibitory substance in Papua New Guinea \[[@pntd.0003892.ref011]\]. An investigation into the *B*. *ubonensis* isolates from this study would determine if these isolates contain the same ability to inhibit *B*. *pseudomallei* growth as found in Papua New Guinea and further develop our understanding the role of *B*. *ubonensis* in the environment. Information from this study and the prevalence of *Burkholderia* species within endemic regions will continue to advance our knowledge of the bacterial composition of the natural environment. This will allow scientists to develop more specific molecular assays for targeting such agents as *B*. *pseudomallei* by understanding the background and potential for false positive results. Continued sampling efforts should be conducted to obtain an even deeper understanding of the geographic distribution of *Burkholderia* in this region. It is important to note that the methods in this study included using selective media, ASA, to isolate the *B*. *pseudomallei* near neighbors. There is a potential some novel near neighbors were not discovered due to the use of this media.

The phylogenetic analysis used in this study provides a way to quickly assess the species of an unknown environmental sample from the Northern Territory of Australia. Isolates that are novel based upon *recA* phylogenetic analysis can be sent for whole genome sequencing at a relatively low cost to evaluate the true genetic relatedness of the isolate to previously characterized species. With next generation sequencing costs continuing to decline, this method offers a way to screen a large number of isolates and then send only the unique isolates for whole genome sequencing. To find additional diversity within the *Burkholderia* genus, samples from other melioidosis-endemic areas such as Thailand and other Southeast Asian countries should be evaluated. That data would provide information on the presence of *B*. *pseudomallei* near neighbor organisms in levels that are similar or different to what we have found in the Darwin region of Northern Australia.

Many novel branches were identified in the phylogenetic analysis of this study. A majority of novel branches were found in the *B*. *cepacia* complex, a complex of bacteria that is important to the study of cystic fibrosis. These novel branches and the isolates within them need to be further investigated to determine their true uniqueness within the complex. Two interesting isolates were identified in this study, MSMB175 and MSMB264. MSMB175 is an isolate that groups within the *B*. *oklahomensis* branch. *B*. *oklahomensis* has never previously been documented in Australia. The genomes from the Australian *B*. *oklahomensis*-like isolate and the type strain of *B*. *oklahomensis* should be compared to determine how much of the core and accessory genome is shared between these isolates. Samples from this study were isolated from both soil and water: two very complex environments. The microbial diversity within a soil niche, how soil composition impacts microbial populations and how speciation occurs are areas of research that are not well understood. With recent developments in metagenomics through next generation sequencing, these questions are now beginning to be addressed. From recent studies we know that the local environment substantially impacts where the human pathogen *B*. *pseudomallei* is found, with likely important regional-specific factors for different landscapes globally \[[@pntd.0003892.ref030],[@pntd.0003892.ref031]\]. Understanding how speciation occurs in the soil environment would be beneficial to our knowledge of the evolution of pathogens and acquisition of virulence factors. In this study, we found a diverse group of *Burkholderia* species inhabiting the Darwin region including the human pathogen, *B*. *pseudomallei*. The identification of 9 potentially novel *Burkholderia* species within this endemic melioidosis region opens up many more questions about the behavior of this genus in the environment. We found six instances where multiple species of *Burkholderia* were cultured from the same soil sample. Given the genomic plasticity of the *Burkholderia* genome and the understanding that *Burkholderia* organisms are found in the same environmental sample lends support to the idea that *Burkholderia* species may freely exchange genetic material between each other in the environment \[[@pntd.0003892.ref032],[@pntd.0003892.ref033]\]. One probable example of this is demonstrated in the lipopolysaccharide genes. *B*. *ubonensis*, *B*. *thailandensis*, proposed *B*. *humptydooensis*, and other *Burkholderia* species are known to express O-antigen portions of the lipopolysaccharide that are highly similar to *B*. *pseudomallei* \[[@pntd.0003892.ref028],[@pntd.0003892.ref034]\]. Through the analysis of genomes of *Burkholderia* and near neighbor isolates found occupying the same niche, we can begin to understand the role of lateral gene transfer among these organisms.
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